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FOREWORD

The transport of hazardous cargoes by ship is increasing dramati-
cally at sea, in congested port areas, and along the nation’s
inland waterways. Federal and state governments and industry have
expended considerable effort to develop safe operating practices.
This effort has taken the form of increased safety consciousness
and measures on the part of industry, stringent regulations
promulgated by government, and government and industry contingency
planning. Legislative initiatives such as the Ports and Waterways
Safety Act of 1972 (33USC1221-1227; 46USC391(a)), the Federal
Water Pollution Control Act, as amended (86STAT816), the Hazardous
Materials Transportation Act of 1974 (46USC170; 49USCl471, 1472,
1655, 1801-1812), and the Port and Tanker Safety Act of 1978 (P.L.
95-474) ensure the care and caution with which marine transporta-
tion of hazardous cargoes is undertaken.

Despite the prodigious effort expended to prevent marine
casualties involving hazardous cargoes, insufficient attention has
been paid to developing and maintaining the technical and institu-
tional capability to respond to such casualties if and when they
should occur. Even minor casualties of ships carrying hazardous
cargo can result in major or catastrophic disasters affecting the
ships and their crews, the marine environment, the shoreline, and
the coastal settlements and their population.

The premise of the study is that the sequence of decisive and
timely actions taken after the occurrence of a casualty is crucial
in preventing major or catastrophic consequences. The basic
casualty response functions include minimizing the consequences of
the incident, including any accidental cargo release; maintaining
local public safety; controlling and cleaning up pollution; and
recovering (salving) the stricken vessel. The need to assess
national response capability has been the subject of formal and
informal discussions among the technical community and concerned
federal agencies that would be involved in response. These
discussions resulted in a request from the Society of Naval
Architects and Marine Engineers that the Marine Board of the
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Accordingly, in February 1978 the Marine Board convened a Panel
on Response to Casualties Involving Ship-Borne Hazardous Cargoes.
The panel’s work was supported by the U.S. Army Corps of Engineers,
the U.S. Coast Guard, the Maritime Administration, and the U.S.
Navy. The panel’s charge was to assess current technical and insti-
tutional capability to respond to casualties involving ships
carrying hazardous cargoes, including both incident minimization or
damage-limiting capabilities and the capability to recover the
hazardous cargo vessel.

In conducting the study, the panel was charged with the
following responsibilities:

1. Outlining a number of plausible casualty
scenarios;

2. Conducting seminar workshops to identify capa-
bilities and deficiencies in equipment, personnel,
and procedures for responding to the plausible
casualties; and

3. Preparing a report, based on its deliberationms,
identifying deficiencies in equipment and per-
sonnel and recommending programs to alleviate
deficiencies.

The study was conducted over a 12-month period. Drawing on
expert advice from special contributors and available information,
the panel prepared plausible scenarios for casualties involving
hazardous cargoes. Although the scenarios describe events that have
the potential to assume catastrophic proportions, the incidents are
capable of being responded to and managed. The scenarios served as
the basis for seminar sessions at which key actors--associated with
industry, government agencies, and local public safety forces—-
played "what if" games and responded with decisions and actions as
though the incidents described by the scenarios were actually
occurring. In this report, these sessions are referred to as ''game
simulations." (The word "game" is used to differentiate them from
mathematical or computer simulations.) The panel based its assess-
ment of response capabilities on information that was revealed in
the course of the study and on its collective experience and
expertise in casualty response. ]

Although it marked a departure from typical National Research
Council study approaches, the panel’s study method is similar in
many respects to the case studies often used in graduate education
and occagionally used in conducting National Research Council
studies. The game simulation approach departs from usual case
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study methodology in that the experts who would be relied upon to
act in the event of a real emergency were called upon to formulate
decisions and take actions as though an incident was actually
occurring, rather than simply being asked to analyze a written
description of probable actions.

It is important to recognize that the game-simulations were not
designed or conducted as operational readiness exercises. They do
not purport to test or compare agency, industry, or individual
performance. Furthermore, the case study method does not produce
statistically meaningful data which can be used to support definite
conclusions. However, the method, which permits reiterations of
several sequences of responses, does do what a formal examination
may not do well: {t tests human interactions and exposes decision
processes. The case study method provides clues to technical and
ifnstitutional weaknesses in response capability. By doing so, these
game simulations provided a focus for the panel’s collective
expertise and experience. The panel’s findings and recommendations,
therefore, are based on these clues, as well as on their assessment
of information developed during the course of the study.




SUMMARY

A\

In recent years, there has been a sharp and continuing increase in
the volume of hazardous cargo transported by water. Acknowledging
the risks, manufacturers and shippers, along with federal and state
governments, have made commendable efforts to prevent casualties
that involve dangerous cargoes. However, this focus on prevention
may have diverted attention from an equally important aspect of
hazardous cargo safety: the need for prompt, orchestrated, and
highly effective response to the casualties that can and do occur
despite the most stringent precautions, with emphasis on developing
the technical and institutional capabilities for this response. In
the meanwhile, the technical community who would be called upon to
cope with a casualty has expressed concern about the capability to
respond to and manage a significant marine incident involving
hazardous cargoes.

In reply to these concerns, the National Research Council’s
Marine Board undertook an assessment of current capability, both
technical and institutional, for responding to casualties involving
ships carrying hazardous cargoes. In February 1978, the Marine
Board established a Panel on Response to Casualties Involving Ship-
Borne Hazardous Cargoes to undertake the assessment. This report
presents the results of that assessment. «— -

The panel employed a case study methodology in the conduct of
the study. This consisted of developing scenarios describing
hypothetical but plausible marine casualties and then conducting
game simulations in which those who would actually respond to the
incidents simulated their actions in a seminar, or game, mode. The
panel then based its assessment of response capabilities on infor-
mation developed in the course of the case studies and its col-
lective experience in casualty response.

Three case studies were developed and analyzed:

] A casualty on the Ohio River in which a towboat
pushing barges of anhydrous ammonia struck a
bridge abutment near Louisville, Kentucky;

] A collision between a liquefied natural gas
tanker and a container ship in nearshore open
ocean in the vicinity of Savannah, Georgia; and

] A collision between a Navy ammunition and explosives
carrier and a bulk sugar carrier on the lower
Sacramento River near San Francisco Bay.
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The panel’s analysis focused on government agency responsi-
bilities and planning for marine casualty response; the need for
technical information to support casualty response training and
preparedness; salvage and marine fire fighting capabilities; and
communications during casualty response.

In the area of government agency responsibilities and planning
for marine casualty response, the need for clarifying institutional
relationships among agencies and concerned interests was closely
examined. The contribution that effective contingency planning can
make to casualty response was explored in depth. The need to
establish operating relationships among agencies involved in
casualty response prior to the occurrence of a casualty was also
established.

More immediate and effective delivery to response teams of
high~level technical information on hazardous cargoes is critical to
improving national response capabilities. Furthermore, a need was
identified for some federal agency to have the ability and informa-
tion to gain access to pollution control, salvage, and other
equipment necessary for casualty response in a timely manner.
Finally, the success of a marine casualty response can hinge on the
availability of technical information on the characteristics and
configuration of the vessel involved. This information is rarely,
if ever, readily available.

A relatively high level of training and preparedness was
apparent in the case studies, especially on the part of the Coast
Guard, the State of California, and the liquid natural gas (LNG)
industry.

A number of technical and legal constraints affecting the
economic health and effective performance of the salvage industry
are identified in the report. Recommendations to reduce these
constraints include the requirement that hazardous cargo ships carry
easily understandable and implementable technical information
devoted to the details of salvage and casualty response. A more
responsive salvage industry must also have access to all equipment
necessary for casualty response. This may entail new institutional
arrangements such as industrial cooperatives for salvage purposes.

The salvage industry also faces a number of legal barriers to
responsible and effective performance. Most salvors now work on a
no cure/no pay basis, meaning that the salvor can neither collect
fees nor be reimbursed for his expenses unless he is able to
complete the job as specified. 1In hazardous cargo incidents, the
salvor may perform major salvage work and then fail to collect his
fee because he can find no safe-haven port to which to tow the
vessel for repair or scraping, as required. Further, the present
outmoded system makes him liable for any pollution that may occur
while the ship is under his care, even though it is the owner who
carries insurance against pollution cleanup costs. Another
important legal barrier to emergency salvage operations, from the
point of view of shipowners and local authorities, is the Cabotage
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Law, which forbids the use of foreign salvage equipment in U.S.
waters unless no comparable domestic equipment is available.
Government permission, a red-tape process that can delay marine
disaster response, must be obtained before any foreign salvage
vessel in the area can be called upon for help. These legal
problems hampering salvage operations, most of which became manifest
during the game simulations, are discussed in the report in greater
detail and remedies are suggested.

In the area of marine fire fighting capability, there appeared
to be a dearth of marine fire fighting resources in port areas.
Further, the few resources that exist are apparently being sharply
cut back as the result of strained municipal budgets and lack of
federal financial support earmarked for marine fire fighting.
Finally, contingency plans for regional fire fighting coordination
often overlook the special case of marine fires, particularly
coordination of marine with land fire fighting efforts.

In the area of communications, existing notification procedures
for pollution incidents work well and serve a useful function for
marine casualty response. After notification has been made,
however, communications problems begin in earnest. For example,
there are no commonly held, dedicated emergency communication
frequencies in port areas, although the technology for this is
readily available.

Numerous recommendations on these topics are made in the final
section of the report. They are addressed to the various interests
that should take the actions. In the private sector recommendations
are directed to the hazardous cargo shipping industry, hazardous
material manufacturers, and the salvage industry. In the public
sector, recommendations are directed to the National Response Team,
Customs Bureau, Environmental Protection Agency, Army Corps of
Engineers, Maritime Administration, U.S. Coast Guard, and U.S. Navy.
In addition, several recommendations are made that will require
legislative action.

The report also contains an Afterword, which examines the
utility of game simulations as a tool for policy and program
development and evaluation. Finally, extensive discussion of the
study methodology and exhaustive descriptions of the case studies
are included as Appendixes A and B.
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BACKGROUND

The objective of this study 18 to assess national capability to
respond to marfune casualties {nvolving vessels carrying hazardous
cargoes. Response to an incident consists of minimizing the
consequences of the incident, including any accidental cargo
release; maintaining local public safety; controlling and cleaning
up pollution; and salving the stricken vessel and {ts carpo. An
evaluation ot response capabil{ties was urgently needed because,
despite tremendous growth in the marine transportation of hazardous
cargoes and numerous studies undertaken to develop and promote safe
operating practices, little attention has been paid to how govern-
ment and industry would respond to a major maritime casualty
involving hazardous cargoes. The technical community, including
salvors and pollution control experts who would be called upon to
respond to such an {ncident, are concerned about the capability to
do so.

For the purposes of this report, the term "hazardous cargo" is
defined to mean any hazardous polluting substance as defined by the
Environmental Protection Agency, and also hazardous materials or
dangerous vnggg whose marine transportation {8 regulated by the U.S.
Coast Guard.“’"

Today, more and larger vessels are carrving a wider variety of
hazardous cargoes over more routes than ever before. A description
of the growth {n the carriage of one such cargo, liquefied natural
gas (LNG), can substantiate the magnitude and growth of this
traffice Ocean transportation of LNG began {n 1959. Worldwide,
as of January 1978 there were 81 LNG carriers in existence, under
construction, or on order. As of that date, 3,278 vovages {avolving
the carriage of about 136 million cubic meters of the product had
been completed. The trade has grown from 5 vovages {n 1959 to 594
in 1977.

The Department of Transportation maintains a reporting system
for hazardous mgterfals incidents that occur during the course of
transportation. Incidents must be reported whenever a person is
killed or {s injured and requires hospitalization; property damage
exceeds $50,000; fire, breakage, spillage, or suspected contamina-
tion occurs involving shipment of radioactive materfal or etiologic
agents; or a sfituation exists that presents danger to life at the
scene of an incident. Between 1975 and 1977, 97 marine hazardous
material i{ncidents were reported to the Department of Transporta-
tion.
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In the course of developing safe operating practices, hazardous
cargo transportation has been studied extensively by government and
industry on a national and internmational basis, including scientific
research on the characteristics of hazardous cargoes and the
consequences of their accidental release {into the environment. Four
kinds of studies have been undertaken: technology assessment, risk
analysis, cnvlrnnmcnta& 9s§essment. and contingency planning for
operations and safety. *"*"°

These prior studies have all been directed either towards
preventing accidents or predicting consequences if and when a mishap
should occur. The present study takes up where the others left off.
Answers are sought to the question:

If a marine casualty should occur, how would it be responded
to? Specifically,

1. How would public risk from and exposure to
hazardous cargoes be kept to the minimum?

2. How would local, state, and federal government
agencies work together with the owner of
the stricken vessel to maintain public safety?

3. How would technical teams attempt to perform
pollution control and cleanup and vessel sal-
vage in the presence of hazardous cargoes?
Would the necessary equipment be available?
Would the personnel on the scene be knowledge-
able? Would coordination mechanisms and
operating systems be adequate to the challenge?

In developing answers to these questions through the case
study method and other, concurrent investigations, the panel has
assessed the adequacy of response capabilities for the types of
incidents postulated and made recommendations for upgrading them.

The Scope of the Panel’s Inquiry

The technical elements of a response to a marine casualty
involving a ship carrying a hazardous cargo include:

L] Reducing to an absolute minimum public hazard
from accidental release of a hazardous cargo;

® Maintaining public safety (through police, fire,
and medical services, etc.) in the face of an
extreme emergency;

L] Controlling and cleaning up pollution; and

(] Salvaging the stricken vessel and cargo.




The success of a response effort hinges on six factors:

1. Adequacy of contingency planning for safe
operations and for emergency response to any
incidents which may occur;

2 Adequacy and availability of equipment needed
to respond to an emergency;

3. Level of knowledge and training of personnel
who must respond to an incident;

4. Coordination of all public and private efforts
and management of assets to effect and main-
tain control of the situation;

5. The nature of legal and regulatory constraints
on, and degree of public and political
support for, technical response measures; and

6. Weather and other local conditions at the time
of the incident.

In undertaking its assessment of response capabilities, the
panel explored a variety of evaluation techniques. It soon
became apparent that conventional techniques would be of limited
utility in producing scientifically conclusive and statistically
valid findings to support an assessment of response capabilities for
incidents that rarely occur. Therefore, an alternate mode of
assessment was adopted. A study method was chosen that simulated a
small number of plausible casualty responses and that explored the
technical and social (agency) interrelationships which influence
response to marine casualties involving hazardous cargoes. The
panel’s analysis of these responses, in concert with their own
expertise and past experiences and other available information,
provided indications of probable areas of concern. These areas
include possible deficiencies in contingency planning, communica-
tions, technical information, and organizational arrangements.
They also include policy conflicts.

As a result of the limited scope of the inquiry, the findings
of this report should be treated as indications of aspects of
response capabilities that may need improvement, not as statisti-
cally significant conclusions about the adequacy of these
capabilities.

A Method»ology for Assessing Response Capabilities

This section describes the approach used by the panel to assess
national capability to respond to casualities involving ships




carrying hazardous cargoes. It explains the choice of the study
method; describes the study method, including development of the
scenarios and organization and execution of the game simulations;
points out certain artificialities in the study method that became
evident during the course of the study; and provides the rationale
behind the panel’s choice of three specific incidents for case study
scenario development and game simulation.

Choice of the Study Method

In choosing an approach to assessing response capabilities, the
panel had the option of either surveying and analyzing all aspects of
response to hazardous cargo incidents or focusing on those aspects
of response that may need improvement. Cost limitations and the
lack of functional focus made the survey approach unattractive.

On the other hand, an essential requirement in identifying areas
needing improvement was to proceed so that '"real issues" were
addressed, such as salvage and fire fighting capabilities, manpower
training, technical information needs, and the operational interac-
tions of response forces and agencies which are critical to any
coordinated response. It was suggested in discussions with the
agencies concerned that one means of identifying problem areas would
be to develop scenarios describing hypothetical but plausible marine
casualties, and then have those who would actually respond to the
incidents simulate their actions in a seminar, or game. In adopting
this approach, the panel recognized the novelty of its use as a tool
for evaluation and policy development.

Description of the Study Method

The study was conducted in four stages:

) Information gathering and review
) Case study scenario development
® Case study game simulation

® Analysis and report preparation

This section will briefly discuss these four stages. More
detailed information on the mechanics of scenario development and
gaming is presented in Appendix A.

Information Gathering and Review Early meetings of the panel
brought together the collective expertise and experience of the
panel and the liaison representatives of the four sponsoring
agencies. These meetings provided opportunities for discussion of
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gaming techniques, information requirements, and information
sources. They also permitted the panel to receive, discuss, and
review a great deal of both general and specific information on
actual occurrences of, and responses to, past casualties, as well as
the participants’ current perceptions of the status of casualty
response planning and response capability.

Scenario Development The written scenarios describe the
occurrence of an incident, plausible events that may result, and
actions that may be taken in the response to the incident. The
scenarios provided the "plot'" for the game simulations, as developed
by working groups consisting of panel members, sponsoring agency
liaison, and outside experts with knowledge about salvage and the
postulated hazardous cargoes and casualty locations (see Appendix
B).

Game Simulations Game simulation sessions were convened to
"play out'" the scenarios. At these sessions, role players simulated
actions they would take in a real casualty and discussed the
ramifications of those actions.

In the games, different branches of the scenario were played
out sequentially. This permitted multiple iterations of sequences
of actions in a variety of circumstances.

The games necessitated three primary centers of activity: a
"game room," an "information/assessor room," and the "panel room."
In the game room, a group of players acted out the decision-making
processes and other activities involved in casualty response and
then discussed the ramifications of events and actions. Experts in
the information/assessor room supported the role players in
information gathering and assessment. They also independently
assessed the consequences of players’ actions and occasionally
provided information that required redirection of action. In the
panel room, the panel members and sponsoring agency representatives
monitored the game via closed-circuit television and controlled its
progress through contact with the game director (in the game room)
and the team in the information/assessor area. Notes on the
progress of the games were made by recorders in the game room and
panel room. In addition, a review and critique session for all
participants was convened at the conclusion of each game. These
information sources provided the basis for the game records
presented in Appendix B.

P

Analysis and Report Preparation The game simulations triggered
insights that were corroborated or rejected by the panel after
analysis based on each panel member’s experience and expertise in
casualty response, as well as on direct observation of the game
simulations and review of information gathered in the course of the
study. As a result, the findings and recommendations of this report
often transcend the events that occurred in the games themselves.




(3]

Limitations and Artiticialities of the Case Study Approach

A description of the study method would be incomplete without
an explanation of its limitations and artificialities.

The panel’s case study method was not devised as an
operational-readiness exercise and should not be used to test or
compare agency, industry, or individual performance. The panel
turned to the study method simply as a tool to assist it in its
evaluation of response systems. The games were not designed to
produce any "winners" or "losers."

Names of companies and ships in the study are fictional;
however, the majority of role players represented their real-life
positions or responsibilities. They adhered closely to their actual
responsibilities and interrelationships, and they exercised their
expert judgement to make what to them appeared to be the most
probable and logical decisions based on their experience. The
realism of the simulations was also enhanced by the numerous
contacts maintained during the course of the game with outside
government and industry information sources.

Although the simulations were designed to reflect real-life
situations, certain artificfalities of the gaming method were very
evident. Participants in the the game had access to more technical
information than is likely to be available in real situations.
Further, there are physical limitations on the number of roles that
can be accommodated in a seminar game. Certain roles, such as
local, state, and federal political officials, were necessarily
simulated. Other roles, such as the numerous Navy offices that
would have been concerned about the damaged ammunition carrier in
the San Francisco simulation, were combined to facilitate the
conduct of the game.

There was a tendency among role players in the simulations to
shorten event and response times. For instance, fires that have the
potential to burn for days were extinguished in the simulation in a
matter of hours. Moreover, the seminar situation, in which role
players are able to directly observe and converse with one another,
makes communications unrealistically easy, as compared to those in
the real world where offices are located across town, telephone
circuits jam, and key decision makers may spend hours out of touch
while traveling by air to the scene of the incident. This ease of
communication proved productive because it increased the speed and
quality of players’ interactions and also facilitated reiterations
of similar sequences of actions. Other aspects of the artificial
ease of communications were the absence of language problems
associated with foreign crews and the speed with which contact was
established with often~elusive shipowners.

Finally, there was a tendency to downplay the signiticance of
gaps in the availability of technical information because of the
desire to proceed with the game.




The existence of these artificialities need not undermine the
utility of the study method, although a lack of awareness of them
probably would.

Rationale for Choosing Three Specific Incidents for Case Study

The task of choosing specific types of marine casualties for
case study was assigned to a planning group of the panel. Several
criteria shaped the choice of specific casualties:

] The case studies were to provide opportunity
for a reasonable and realistic test of an
essentially complete range of required res-
ponses to plausible incidents.

] Casualties were to have the potential for
disastrous consequences; however, they had
to still be capable of being responded to
and managed.

Although casualties were to be plausible, the degree of probability
was not considered to be a factor in selecting the types of inci-
dents for the scenarios.

Using these criteria, the planning group developed a matrix of
plausible casualties and locations. Then the panel, after consider-
ing various combinations of these matrix elements, selected the
three casualty situations that best met the above criteria for the
case study.

One case study involved a casualty on the Ohio River in which a
towboat pushing barges of anhydrous ammonia would strike a bridge
abutment near Louisville, Kentucky. This choice was influenced by a
chlorine barge casualty near Louisville that occurred in 1972.
Because it paralleled a real-life incident, the Louisville game
simulation was convened first in order to test, refine, and improve
the panel’s game simulation techniques. It also was designed to
provide insight into response to casualties involving hazardous
cargoes that occur on the nation’s inland waterways.

A second case study centered on a collision between a liquefied
natural gas carrier and a container ship in the open sea just off
Savannah, Georgia. This case emphasized an assessment of the
capability to salve an LNG carrier, a relatively new type of vessel
and cargo, unfamiliar to many response personnel. The Savannah case
study was also designed to provide insight into response to
casualties involving hazardous cargoes that occur offshore. The
Savannah area was chosen over other East Coast LNG ports because
panel members were most familiar with its operation. Further, in
the opinion of the panel, the difficult approach to Savannah and the




incident’s proximity to a population center offered the possibility
of a realistic test of response systems.

In the third case study, a Navy ammunition ship and a bulk
sugar carrier hypothetically collided on the lower Sacramento River
near San Francisco Bay. This simulation was set in an especially
complex jurisdictional setting. A Navy ship would be involved in a
collision with a private vessel. Emergency forces that would
respond would be under local, state, and federal control. Some fires
would be fought from land by local fire departments; others would be
fought from the water by the Coast Guard and the Navy. The purpose
of this case study was to examine the interplay among government
agencies in order to identify means of strengthening emergency
response, and also to pinpoint breakdowns in coordination and other
institutional factors that hampered the respomnse effort. The case
was also designed to provide insight into response to casualties
involving hazardous cargo that occur in major urban port areas.

In combination, the three case studies served their purpose
well, illuminating both the deficiencies and strengths of the
response capabilities of American communities to a marine hazardous
cargo disaster.




THE CASE STUDIES: DESCRIPTION OF THE SCENARIOS AND
GAME SIMULATIONS

Introduction

This sectfion describes the scenarios and the course of the game
simulations to support and facilitate an understanding of the
panel’s analysis and recommendations. Detailed supporting
information for each of the cases is presented in Appendix B,
including the scenarios developed by the panel that served as the
basis of the game simulations, as well as records of discussions,

interactions, decisions, and actions as they actually occurred in
the game simulations.
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Anhydrous Ammonia Barge Casualty
Louisville, Kentucky

It is a Saturday afternoon of a Memorial Day weekend, and
thousands of people are attending an outdoor bluegrass concert and
other public events occurring along Louisville’s redeveloped
riverfront. Suddenly, just offshore on the Ohio River, a towboat
pushing four barges of anhydrous ammonia strikes a bridge abutment.

The incident occurs in full view of the throng of holiday makers.

Anhydrous ammonia is a corrosive gas. Its vapors are extremely
irritating to skin and mucous membranes. Substantial exposure can
cause corrosive burns or even death. The gas is shipped under
compression and refrigeration. When exposed to fire or radiant heat, a
pressurized ammonia container can rupture violently, releasing the
toxic chemical. 1In light (6 mph) winds, a small spill covering an area
of 30 feet square would require evacuation of an area 1,500-feet wide
for 2,000 feet downwind to protect life. In the event of an explosion
of a pressurized container, the minimum safe distance from flying
fragments would be 2,000 feet in all directions. Although a water
sprav can dissipate corrosive vapors in the event of a spill, anhvdrous
ammonia is water soluble and can kill marine life. If the wind were to
direct a large ammonia vapor cloud from the stricken barge into the
waterfront crowds in Louisville, there would be many severe injuries.

Steering gear failure causes the casualty. Although the towboat
soon regains control, the forward two barges break free. One of these
barges floats towards the tainter gate* at the dam structure located
less than a mile downstream and goes aground just above the structure.
The other barge partially sinks in mid-river directly offshore from
downtown Louisville. Failure of refrigeration systems on the sunken
barge allows the cold ammonia tank to warm up. The relief valve permits
a slow, but high.y visible, release of a poisonous cloud of anhydrous
ammonia. This arouses immediate public alarm in the crowded riverfront
area.

In accordance with the National 01l and Hazardous Substances
Pollution Contingency Plan (National Contingency Plan), the Coast Guard
serves as the acting on-scene coordinator of all federal agency res-
ponse actions until the arrival of the EPA representative. Immediately
upon receiving a radio message from the towboat Captain, the Coast
Guard initiates a series of notifications which includes the vessel
owner and concerned federal, state, and local agencies. The news media
are also notified of the incident, in addition to having observed it.

*A tainter gate i{s a structure resembling a very large bulldozer blade.
It is used to control and direct the flow of water over a spillway.
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Early action tocuses on notifying all concerned parties,
mobilizing tor timely response, and securing all information
necessary for evaluating technical and public risk and developing a
response plan. One decision that must be made immediately by local
public satety torces {n the game is whether to close the highway
bridge across the Ohio River until all danger is past. A logistical
problem that occurs as a result of the numerous notifications that
must be made i{s the jamming of switchboards at Coast Guard and Corps
ot Engineers (COE) offices. Another communications problem that
soon develops {s the inability of tederal agencies to satisfy the
public demand (as represented by the media and politicians) to know
what has occurred. The reason tor this, as revealed in the course of
the game, is that tremendous operational demands are placed on a
statf that is not large enough to handle all demands simultaneously.
Any emergency staft called in at the regional or headquarters level
could not be on the scene for many hours.

At one point the scenario calls tor a tornado to touch down
elsewhere in Louisville. It knocks out communications and power
svstems and torces Coast Guard and Corps of Engineers headquarters
to switch to emergency power. The tornado also diverts the atten-
tion of local public safety ftorces and political leaders. The
Louisville Department of Public Satety orders a voluntary evacuation
of the riverfront area. The governor calls out the National Guard
to respond to the tornado casualties and damage.

During this time, the towboat retrieves the barge that had
floated toward the tainter gate at the dam (and grounded). However,
at this point the scenario calls for an ammonia tank on the sunken
barge to break tree and float downriver. If {t ruptures, a massive
release of poisonous anhvdrous ammonia will occur. Notified of the
tree-tloating tank, the COE game player closes the tainter gate in
order to slow the river current and raise the level of the pool in
which the tank is floating. The COE also notities the barge owner
that it the tank should lodge at the tainter gate, the COE will
direct {ts removal in order to safeguard the lock structure.
lechnical discussions occur between the salvor, the Corps, and the
Coast Guard as to means available to secure the tank.

Three hours have elapsed since the incident occurred, and an
EPA representative arrives fn Louisville. Acting according to the
fnstructions in the regional response plan, this representative
assumes the role of the on=-scene coordinator of tederal support and
response actions tor pollution control. This produces contusion
among officials of those federal agencies already at the scene, who,
although not as well prepared in the mechanics of the regional
response plan, are still responding to the emergency.

The free-floating tank does ground and rupture, causing a
massive release of anhydrous ammonia. Winds dissipate the poisonous E
plume in 30 minutes, blowing it away trom downtown Louisville. FEPA
makes avaflable technical i{nformation to help the public cope with
the gas cloud.e This includes instructions for constructing a primi-
tive gas mask by breathing through a can that has been perforated 3
and filled with moist coffee grounds.
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Considerable discussion in the game is devoted to developing a
salvage plan for the sunken barge. Some of this discussion leaks
out from the technical teams into the public arena. Public exposure
of dissension among the technical team undermines public confidence
in the solutions that are recommended. On the other hand, the
better the access that the media and political leaders have to
information, the more supportive they are of the response measures
that must be undertaken.

An interesting interplay occurs in the game between the Corps
of Engineers, the Coast Guard, and the barge owner over legal
responsibility for various actions. The Corps of Engineers can take
remedial action to protect navigation structures and to remove
hazards to navigation and the Coast Guard can contain and clean up
pollution and act to promote safety. However, neither agency is
inclined to take direct response action as long as the owner is
known and acting properly, regardless of the fact that the agencies
may have much more technical response capability than the owner and
may be able to respond more readily to the emergency.

In another branch of the simulation, one of two anhydrous
ammonia tanks on the sunken barge is made to float loose and lodge
against a tainter gate of the dam without rupturing. Discussion
focuses on developing a salvage plan. EPA representatives, after
some deliberation, explain that they are more concerned about air
pollution, which poses a hazard to people, than water pollution.
Furthermore, in the face of favorable weather predictions, EPA
scales down the size of the area that they feel should be evacuated.

A salvage plan is finally agreed on. Under the direction of
the Corps of Engineers, the tank will be rolled right-side-up and
then towed off. A variety of equipment, including a crane of
sufficient size, will be needed to accomplish this. Considerable
time is spent locating equipment and other salvage assets. The
salvage plan 1is publicly presented at a press conference convened by
the regional response team.

Salvage of the sunken barge must also be accomplished. This is
complicated by frequent shifting of the barge’s position. The
salvors recommend deliberately dumping the contents of the remaining
cargo tank into the river prior to undertaking salvage. The owner’s
lawyer cautions the owner that deliberate dumping of hazardous
substances 1s prohibited by law. He advises that the cargo not be
released unless and until the government issues a written order to
do so. At the conclusion of the game simulation, EPA is concerned
that the effects of a massive release of anhydrous ammonia iuto the
river are not known, nor is information readily available on means
of buffering the release.
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Liquefied Natural Gas Tanker/Container Ship Collision
Savannah, Georgia

Liquefied natural gas is a compressed gas which is transported
at extremely cold temperatures (-260°F). If released on water it
will float and boil and produce a visible and flammable vapor cloud.
A vapor cloud from an uncontained release will drift downwind. If a
source of ignition is encountered, a short, severe fire will consume
the vapor. Flashback along the vapor trail may occur. Vapors that
encounter a source of ignition in an enclosed space may explode.

LNG {s not a hazardous polluting substance. It is not harmful to
aquatic life. The major hazard assoclated with the transport of LNG
is its extreme flammability, especially when a casualty of some kind
has created a large vapor cloud.

In the Savannah simulation, a fully loaded LNG vessel {is
inbound to discharge cargo at a receiving facility in the Savannah
area. It is complying with Coast Guard arrival procedures for LNG
ships, which include vessel traffic control between Savannah harbor
and the Savannah light. Coast Guard regulations require the
presence of an escort vessel, which is on station awaiting the
ship’s arrival. However, marine traffic delays and steering gear
failure precipitate a collision between an outbound container ship
and the inbound LNG ship about nine miles off Savannah Beach, a
heavily populated seashore resort area. The LNG tanker master
immediately proceeds to implement damage control procedures to
protect crew and equipment from fire and other hazards. Coast Guard
personnel on the escort boat witness the collision and initiate
notifications and preliminary response actions, as stipulated in the
regional response plan for pollution incidents. (Even though LNG is
not a polluting substance, the National Contingency Plan and
regional response plans established pursuant to it may be activated
in response to the threat of pollution. In the Savannah game, both
ships carry some fuel oil, which is a polluting substance.)

In the game, the collison does not cause the ships to lock
together. However, fire breaks out on the LNG tanker. One entire
tank of cargo is consumed in an intense fire that burns for
approximately 15 minutes. The shipboard fire precludes the
formation of any vapor cloud. The ship’s sophisticated design and
equipment are effective in confining the fire, although shipboard
primary electrical and communications systems are knocked out.

Until new antennas can be rigged, the LNG tanker wil be able to
communicate only via walkie-talkie messages sent to and relayed by
the Coast Guard escort boat. Class A (combustible material capable
of being extinguished with water) fires remain after the LNG fire
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has burned itself out. The master organizes work parties to
extinguish these fires. Meanwhile, the LNG tanker drifts aground.
The master sets anchor to keep the ship from being forced harder
aground by wind and waves.
y The Coast Guard closes down all vessel traffic in the vicinity
of the incident. It requests staff and material assistance from the
district, and also requests the advice and involvement of the
Supervisor of Salvage, U.S. Navy. The owner has access to necessary
salvage and cargo transfer equipment stockpiled in Norfolk, Virginia
and immediately orders that this be sent to Savannah. A cargo
transfer vessel is also diverted to the scene. One reason for a
strong and early response by the owner is that he has developed
corporate contingency plans for an LNG casualty and has sponsored
manpower training programs.

The scenario calls for a 22,000 hp foreign salvage tug
returning to Europe from a town in the Gulf of Mexico to notify the
Coast Guard that it is in the immediate area and is available to
assist as necessary. However, cabotage law (46 USC 316) prevents
the use of foreign salvage assets unless the Commissioner of Customs
certifies that comparable domestic assets are not available.
Valuable early response time is lost in securing the cabotage
waiver.

The Coast Guard holds a public briefing in the game. Because
the owner appears to be responding properly to the situation, Coast
Guard operations are in a monitoring and support mode. Contingency
funds for pollution cleanup cannot easily be made available because
no pollution has occurred, although the threat of pollution probably
exists.

After some time has elapsed, the foreign salvage tug prepares
to tow the LNG ship out to deeper water. Technical questions that
are raised in preparing for the tow, which are not adequately
addressed in the master’s damage control book or in other contin-
gency planning documents, center on how best to de-water and ballast
the ship and how much horsepower will be necessary to refloat the
it. Another question that arises as a result of the towing attempt
is, where will the ship be towed to? A safe haven must be-~and
is--found in which to effect cargo transfer and salvage. The safe
haven problem proves politically volatile in the game. Congres-
sional interest in the matter is even expuessed.

The foreign tug successfully tows ®he tanker off-ground. The
foreign tug is then dismissed. Attended by smaller domestic tugs,
the ship will await the arrival of cargo transfer and salvage gear
before being towed to the safe haven.

Another branch of the simulation explores more fully the
technical question of ballasting for towing, using available domestic
tugs. Since there is less horsepower in the vicinity for towing than
when the foreign salvage tug was present, the ship must float free of
its own accord, through proper ballasting and offloading of cargo,
before she can be towed to a safe haven. The owner estimates
that it will take 8 hours to rig for cargo transfer and towing,
and 24-36 hours to lighter and de-water the vessel and fill the holds
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with inert gas (equipment for this i{s enroute). The vessel can then
be towed to a repair facility in Norfolk.

In the same branch of the simulation, the tanker owner’s lawyer
expresses concern about obtaining statements from those involved and
preserving evidence for subsequent legal actions. He suggests that
the Coast Guard convene a fact-finding hearing into the incident
{mmedfately, on board the stricken vessel {f necessary. Since both
the LNG master and the Coast Guard object to such disruption, a
hearing will be held in port after the emergency has passed.

The final "what if" branch of the game simulation starts at the
collision. Instead of separating, the ships remain locked together
for some time. An LNG fire occurs at the point of impact. Other
fires burn on both vessels. Personnel injuries occur on the container
vessel. Both ships are dead in the water and drift until running
aground.

The LNG master wants to try to break the ships apart. He
believes that while such action would result in a large fire of short
duration, this is preferable to the threat of explosion from gas
entrapment resulting from an LNG leak.

In the shadow of the fires, the Coast Guard initiates a search
and rescue operation to find crewmen who may already have abandoned
the container vessel.

The LNG fire soon burns itself out, but the container ship burns
out of control. Coast Guard and other fire fighting equipment in the
area is ineffective in controlling these major vessel fires. The
most effective fire fighting measures appear to be those that are
actually located on the ships--the LNG ship fire is brought under
control quickly because the ship is equipped to fight it.

The container vessel fire i{s brought under control and
extinguished after several hours. During this time, the owner, his
salvor, the LNG master, the Coast Guard, and the Navy salvor discuss
possible courses of action.

They decide to tow the ships--still locked together--to deeper
water before attempts are made to pull them apart. Technical
questions regarding ballasting for towing and freeing the ships are
discussed in the game. The salvage engineer calculates that the ships
are locked together because the LNG tanker, down by the stern, 1is
impaled on the container vessel’s bow. To separate the ships, either
the container vessel must be ballasted or the LNG tanker must be
lightened. In the midst of the discussions, the container vessel bow
shears off as a result of being subjected to the intense cold in the
LNG cargo tank, and the vessels separate of their own accord. At the
end of the game simulation, cargo transfer is begun, as before.
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Navy Ammunition Ship/Bulk Sugar Carrier Collision
San Francisco, California

The Carquinez Strait is located on that portion of the Sacramento
River that connects San Francisco Bay, a major urban port area, with
Suisun Bay, a relatively undisturbed body of water that provides an
excellent water-fowl habitat. Separating two counties, the Sacramento
River is bridged by an interstate highway at the town of Crockett.
Industry in the vicinity of the Carquinez Strait includes the Union
0il refinery, the C&H sugar refinery, a marina in the town of
Crockett, and somewhat farther upriver, Port Chicago, a Navy ammuni-
tion and explosives port facility.

The rugged topography in the Carquinez Strait area interferes
with radio transmission. For this reason a bulk sugar carrier, which
in the scenario is pulling away from the C&H sugar refinery piler,
delays checking in with the Bay Area Vessel Traffic System. As a
consequence, it is unaware that a loaded Navy ammunition and
explosives ship (designated as an AE) is at that precise time being
escorted upriver to Port Chicago and is transiting the Carquinez
Strafit. Coast Guard regulations call for traffic to avoid the AE.
Obscured line of sight in the curved channel, poor radio communica-
tions in the strait, the sugar carrier’s failure or inability to
register with the Vessel Traffic System, and a sudden loss of power
and maneuverability cause the bulk carrier and the AE to collide. The
AE {s holed, incurs some flooding, and sinks by the bow, while Class
A (combustible materials) fires break out on board. The bulk carrier
also is holed, burns out of control, and leaks large amounts of oil.

The bulk carrier is leaking bunker fuel, which has the potential
to form an oil slick t